In the present study, we report on the full range of physical diseases acquired by survivors of Hodgkin lymphoma diagnosed in adolescence or young adulthood. In a Danish nationwide population-based cohort study, 1,768 five-year survivors of Hodgkin lymphoma diagnosed at ages 15-39 years during 1943-2004 and 228,447 comparison subjects matched to survivors on age and year of birth were included. Hospital discharge diagnoses and bed-days during 1977-2010 were obtained from the Danish Patient Register for 145 specific disease categories gathered in 14 main diagnostic groups. The analysis was conducted separately on three subcohorts of survivors, that is, survivors diagnosed 1943-1976 for whom we had no information on rehospitalisation for Hodgkin lymphoma and survivors diagnosed 1977-2004, split into a subcohort with no expected relapses and a subcohort for whom a rehospitalisation for Hodgkin lymphoma indicated a relapse. The overall standardised hospitalisation rate ratios (RRs) were 2.0 [95% confidence interval (CI), 1.9-2.1], 1.5 (1.4-1.6) and 2.9 (2.6-3.1) respectively, and the corresponding RRs for bed-days were 3.5 (3.4-3.5), 1.8 (1.8-1.9) and 10.4 (10.3-10.6). Highest RRs were seen for nonmalignant haematological conditions (RR: 2.6; 3.1 and 9.7), malignant neoplasms (RR: 3.2; 2.5 and 4.7) and all infections combined (RR: 2.5; 2.2 and 5.3). Survivors of Hodgkin lymphoma in adolescence or young adulthood are at increased risk for a wide range of diseases that require hospitalisation. The risk depends on calendar period of treatment and on whether the survivors were rehospitalised for Hodgkin lymphoma, and thus likely had a relapse.
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The age-specific incidence of Hodgkin lymphoma shows a bimodal distribution, with a first peak in adolescence and young adulthood and a second peak after the age of 55 years. 1 As Hodgkin lymphoma is one of the few cancers with a peak in incidence at ages 15-39 years, this cancer is of special interest in adolescent and young adult oncology. 2 Hodgkin lymphoma diagnosed during adolescence or young adulthood is usually of the nodular sclerosis subtype, in contrast to cases diagnosed at older ages, 3 and the biology of cancer in adolescents and young adults in general has been suggested to be different from that of cancers in children and older people. 4, 5 Studies of patients in this specific age range are, therefore, important. 6, 7 Hodgkin lymphoma is a cancer with excellent survival. Recent five-year relative survival in Sweden was 96% for patients whose cancer was diagnosed when they were 18 to 29-year old, and 95% for those aged 30-39 years. 8 The treatment of Hodgkin lymphoma may, however, carry a lifelong risk of late effects. 9, 10 Selected late effects in survivors of Hodgkin lymphoma diagnosed during adolescence or young adulthood have been studied, including second malignant neoplasms, 11 cardiovascular disease 12 and diabetes.
In a previous publication, we reported on the risk of hospitalisation among survivors of adolescent and young adult cancer in general. 14 In the present nationwide study, comprising 1,768 five-year survivors of Hodgkin lymphoma diagnosed at the age of 15-39 years and 228,447 comparison subjects, we provide detailed information on their long-term relative and absolute excess risks of all types of physical diseases requiring inpatient care.
Material and Methods
Hodgkin lymphoma survivor and comparison cohorts December 31, 2009 , and who were alive on April 2, 1968 (start of the Danish civil registration system) were identified. 15, 16 For each cancer patient, five population-based comparison subjects were selected randomly from the civil registration system, who were alive without cancer on the date of diagnosis of the corresponding cancer patient (in the following, referred to as the index date) and of the same sex and year of birth. Information on migration and vital status during follow-up was obtained from the civil registration system. We excluded those who had died or emigrated within five years of the date of cancer diagnosis, or an equivalent lag period for the comparison subjects, and those who had died or emigrated before the start of the Patient Register on January 1, 1977. These exclusions resulted in a cohort of 1,861 five-year survivors of Hodgkin lymphoma and 237,875 population comparison subjects (Fig. 1) .
Hospital admissions for physical diseases
The Danish National Patient Register holds information on all hospital admissions for nonpsychiatric illnesses in Denmark since January 1, 1977. 17 Registration is mandatory, and diagnostic information is submitted electronically by treating physicians. Each admission to hospital initiates a record which includes the personal identification number of the patient, dates of admission and discharge, a primary discharge diagnosis and supplementary diagnoses coded according to ICD-8 until 1993 and according to ICD-10 thereafter.
Details of cohort members were linked to the Patient Register, and a full hospital history with discharge diagnoses and numbers of bed-days spent in hospital was established for each person recorded as having had a hospital admission. Individuals who had ever been hospitalised for a congenital malformation or chromosome abnormality (ICD-8, 740 2 759, ICD-10, Q00 2 Q99) were excluded, as we judged that these disorders might confound any causal association between cancer treatment and chronic disorders. Thus, 1,768 five-year survivors of Hodgkin lymphoma in adolescence or young adulthood and 228,447 population comparison subjects were left for risk analysis (Fig. 1) .
To characterize and quantify the burden of diseases requiring hospitalisation in detail, we grouped the hospital discharge diagnoses into 145 specific disease categories (see Supporting Information Table S1 ). As the Patient Register does not reliably distinguish hospitalisation for relapse of a primary cancer from hospitalisation for a second primary cancer, we obtained information from the Danish Cancer Registry on second primary cancers among survivors and on first primary cancers among comparison subjects.
In order to take the effect of treatment for relapse of Hodgkin lymphoma into account in the analyses, the cohort of Hodgkin lymphoma survivors was split into the following three subcohorts: (1) survivors diagnosed during 1943-1976 for whom we did not have complete information on rehospitalisations for Hodgkin lymphoma, since the Patient Register started in 1977 (early mixed subcohort; n 5 494); (2) survivors diagnosed during 1977-2004 for whom we cannot identify any rehospitalisations in a department of oncology or haematology with a primary diagnosis of Hodgkin lymphoma either at least a year after the initial Hodgkin lymphoma diagnosis, or six months to one year after the initial diagnosis in combination with a date of death within ten years from diagnosis (primary treatment only subcohort; n 5 887), (3) survivors diagnosed during 1977-2004 for whom there is a registration of a rehospitalisation for Hodgkin lymphoma as defined above (assumed relapse subcohort; n 5 387; Table 1 ). We emphasize that the 1977-2004 subcohort stratification is based entirely on the available inpatient information.
In our analysis, we did not include diagnoses indicating symptoms and ill-defined diseases, or injuries and violence, as these were regarded as too nonspecific and primarily due to external causes, respectively. Neither did we include the sections on mental disorders and pregnancy-related diseases and complications, as these conditions require special consideration and will be addressed in separate publications.
What's new? Excellent survival rates for Hodgkin lymphoma have allowed increasing numbers of patients to enjoy a normal, disease-free life expectancy. Nonetheless, for some, premature death remains a concern, owing to the risk of late effects, including second malignant neoplasms, from curative therapy. The authors of the present study quantified the burden of new diagnoses in Hodgkin lymphoma survivors, showing that among 1,768 five-year survivors diagnosed in adolescence or young adulthood from 1943 to 2004, a significant proportion later suffered conditions requiring hospitalisation. Malignant neoplasms, infections and circulatory diseases accounted for the majority of new diagnoses.
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Statistical analysis
Follow-up of study subjects began five years after diagnosis of Hodgkin lymphoma (or after the index date for comparison subjects) or on January 1, 1977 (when the Danish Patient Register was initiated) if this was later. Follow-up ended on the earliest of date of death, date of emigration or December 31, 2010, which was the date of the latest update of the Patient Register. Only the primary diagnosis, i.e. the main reason for hospitalisation for each inpatient admission, was considered in the analyses.
For analyses of new diagnoses, only the first hospital admission for each of the 145 specific disease categories was considered but, for analyses of the number of bed-days spent in hospital, all hospital admissions for the disease category were included. For each disease category, the observed number of new diagnoses among all the survivors of Hodgkin lymphoma was divided by the expected number derived from the appropriate sex-, age-and calendar period-specific diagnosis rates for the comparison subjects to obtain the rate ratio for new diagnoses (RR diagnoses). The corresponding 95% confidence interval (CI) was obtained assuming a Poisson distribution. Rate ratios for bed-days spent in hospital (RR bed-days) were obtained in a similar fashion. Absolute excess rates per 10,000 person-years at risk for new diagnoses and bed-days (AER diagnoses & AER bed-days) were derived as the difference between the observed and expected rates for each disease category, and 95% CIs were obtained, again assuming a Poisson distribution.
The observed and expected numbers for the 145 specific disease categories were also summed to obtain RRs and AERs for broader diagnostic groups, including 14 main diagnostic groups based on the Chapters of the ICD. In the ICD a considerable number of infections are classified with diseases of the organ they affect, rather than in the chapter specifically headed 'Infections'. Therefore, we included an additional broad disease grouping labelled 'All infections' that brought together all diagnoses indicating an infection, irrespective of their position in the ICD.
For 94% of patients included in the cohort, the Cancer Registry record specified the intended use of radiotherapy as part of first-line treatment only on a yes/no level. For survivors included in the primary treatment only subcohort, we specified for risk estimates in patients with (n 5 338) and without intended use of radiotherapy (n 5 494). The Danish Cancer Registry does not contain reliable information on treatment with chemotherapy.
All statistical analyses were performed with SAS software version 9.3.
Results
By the end of the follow-up period, 514 (29%) of the 1,768 five-year survivors of Hodgkin lymphoma and 41,012 (18%) of the 228,447 comparison subjects had died. The survivors were followed in the Patient Register for a total of 27,310 person-years (median 14.4 years, range, 0.1 to 34.0 years). 879 (50%) survivors were followed up for at least 20 years after diagnosis, and 412 (23%) for at least 30 years. Characteristics of the Hodgkin lymphoma survivor group are shown in Table 1 .
Total numbers of new diagnoses and bed-days
During follow-up, the 494 five-year survivors included in the early mixed subcohort had a total of 1,519 new diagnoses belonging to one of the 145 specific disease categories listed in Supporting Information Table S1 , whereas only 758 new diagnoses were expected, resulting in a significantly increased overall RR of 2.0. The corresponding RRs for survivors diagnosed in 1977-2004 were 1.5 and 2.9, respectively, for those without and with readmission to hospital for Hodgkin lymphoma ( Table 2 ). The absolute excess rates (AERs) for new diagnoses were 682 per 10,000 person-years in the early mixed subcohort and 217 and 855 per 10,000 person-years, respectively in the 1977-2004 primary treatment only and the assumed relapse subcohorts.
For all three subcohorts, the AERs for new diagnoses tended to increase with increasing attained age, while there was little such trend for the RRs (Table 2 (Table 2) . Table 2 2 No rehospitalisation with Hodgkin lymphoma as primary diagnosis in an oncological or haematological department one year or more after the first Hodgkin lymphoma diagnosis or, if rehospitalised for Hodgkin lymphoma 6 months to one year after the first Hodgkin lymphoma diagnosis, did not die within 10 years after the first Hodgkin lymphoma diagnosis. 3 Rehospitalisation with Hodgkin lymphoma as primary diagnosis in an oncologic or haematologic department one year or more after the first Hodgkin lymphoma diagnosis, or rehospitalisation 6 months to one year after the first Hodgkin lymphoma diagnosis and deceased within 10 years of the first Hodgkin lymphoma diagnosis. 4 Number at entry into category.
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Specific diseases and diagnostic groups
The extent of the proportional increases in the rate of new diagnoses varied substantially between the 14 main diagnostic groups, with the largest values seen for nonmalignant haematological conditions, malignant neoplasms, all infections combined, diseases of the respiratory system and diseases of the circulatory system. Rate ratios for these main diagnostic groups are shown in Figure 2 , panel A for each of the three subcohorts.
The AERs for new diagnoses revealed a somewhat different pattern. The largest AERs were for diseases of the circulatory system, which accounted for between 23% and 38% of all excess new diagnoses, followed by malignant neoplasms, diseases of the respiratory system and diseases of the digestive organs, while nonmalignant haematological conditions accounted for <5% of the excess new diagnoses (Table 3 and Fig. 2, panel B) . As many of the disease entities of the respiratory system are infections, all infections combined was a major cause of hospitalisation accounting for between 14% and 30% of the excess diagnoses in the respective subcohorts. Diseases of the circulatory system, all infections combined and malignant neoplasms explained together between 61% and 78% of the excess inpatient disease pattern among survivors (Table 3) . Table 4 gives further details regarding the 145 specific disease categories and shows that the rate ratio for hospitalisation for all types of infections combined was significantly higher in the assumed relapse subcohort (RR, 5.3) than in the early mixed subcohort (RR, 2.5) or the primary treatment only subcohort (RR, 2.2). We did a separate analysis of the rate ratios of hospitalisation for infections prior to the Hodgkin lymphoma diagnosis. Interestingly, this analysis showed a modest increase in risk from birth to three years prior to the diagnosis of Hodgkin lymphoma (RR, 1.4, 95% CI, 1.1-1.8) and a more marked increase in the three-year period preceding the diagnosis (2.4; 1.5-3.8). The latter finding likely reflects the consequences of a yet undiagnosed Hodgkin lymphoma on the immune system or disorders of the immune system or other diseases that could lead to Hodgkin lymphoma or that have a shared aetiology.
Among the specific disease categories, the highest AERs were seen for aortic valve disorders, acute myocardial infarction, angina pectoris, heart failure, chronic ischaemic heart disease, pneumonia, cancers of the breast, respiratory system and digestive organs and sepsis (Table 4 ). The AERs for malignant neoplasms and heart diseases tended to be highest in the early mixed cohort, while the AERs for infections tended to be highest in the 1977-2004 assumed relapse subcohort. Results for all 145 specific diseases are shown in Supporting Information Table S2 .
The largest RRs for bed-days were for malignant neoplasms, nonmalignant haematological conditions, diseases of the respiratory system, diseases of the circulatory system and all infections; all with significant heterogeneity between the three subcohorts of Hodgkin lymphoma survivors. In general, No rehospitalisation with Hodgkin lymphoma as primary diagnosis in an oncological or haematological department one year or more after the first Hodgkin lymphoma diagnosis or, if rehospitalised for Hodgkin lymphoma 6 months to one year after the first Hodgkin lymphoma diagnosis, did not die within 10 years after the first Hodgkin lymphoma diagnosis. 3 Rehospitalisation with Hodgkin lymphoma as primary diagnosis in an oncologic or haematologic department one year or more after the first Hodgkin lymphoma diagnosis, or rehospitalisation 6
months to one year after the first Hodgkin lymphoma diagnosis and deceased within 10 years of the first Hodgkin lymphoma diagnosis. 4 Hospitalisations for different specific disease categories; see Supporting Information Table S2 and the Methods section for details. 5 Absolute excess rate per 10,000 person-years; the rates are standardised for age, sex and calendar periods. 6 Age at entry into category.
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Rugbjerg et al. No rehospitalisation with Hodgkin lymphoma as primary diagnosis in an oncological or haematological department one year or more after the first Hodgkin lymphoma diagnosis or, if rehospitalised for Hodgkin lymphoma 6 months to one year after the first Hodgkin lymphoma diagnosis, did not die within 10 years after the first Hodgkin lymphoma diagnosis. 3 Rehospitalisation with Hodgkin lymphoma as primary diagnosis in an oncologic or haematologic department one year or more after the first Hodgkin lymphoma diagnosis, or rehospitalisation 6
months to one year after the first Hodgkin lymphoma diagnosis and deceased within 10 years of the first Hodgkin lymphoma diagnosis. 4 Absolute excess rate per 10,000 person-years; the rates are standardised for age, sex and calendar periods. Urinary and genital organs: cystitis. 6 The sum of infections classified in the ICD chapter 'Infections' and infections classified in other ICD chapters.
Rugbjerg et al. Rate ratios (RRs) and absolute excess rates (AERs) with corresponding 95% confidence intervals (CIs) are given for selected main diagnostic groups and for selected specific disease categories. 1 No information on rehospitalisations available. 2 No rehospitalisation with Hodgkin lymphoma as primary diagnosis in an oncological or haematological department one year or more after the first Hodgkin lymphoma diagnosis or, if rehospitalised for Hodgkin lymphoma 6 months to one year after the first Hodgkin lymphoma diagnosis, did not die within 10 years after the first Hodgkin lymphoma diagnosis. 3 Rehospitalisation with Hodgkin lymphoma as primary diagnosis in an oncologic or haematologic department one year or more after the first Hodgkin lymphoma diagnosis, or rehospitalisation 6
Cancer Epidemiology the proportional increases in the bed-day rates were highest for the 1977-2004 assumed relapse subcohort, followed by the early mixed subcohort and then the primary treatment only subcohort (Fig. 3, panel A) . The largest AERs for bed-days were for malignant neoplasms, circulatory diseases and all infections combined, with a pattern between the three subcohorts similar to that seen for the RRs (Fig. 3, panel B) . The many extra bed-days among survivors of Hodgkin lymphoma were mainly due to more frequent hospitalisations rather than hospitalisations over longer periods. Among the 887 survivors diagnosed during 1977-2004 and with no readmission to hospital for Hodgkin lymphoma, 494 only received chemotherapy as judged from the records of the Cancer Registry while 338 survivors also received radiotherapy, and the overall rate ratios for hospitalisation in these two groups were 1.3 (95% CI,1.2-1.4) and 1.6 (1.4-1.7), respectively. Ratios also tended to be higher in the group who received both radiotherapy and chemotherapy for the main diagnostic groups of malignant neoplasms (RR, 3.0 vs. 2.0), nonmalignant haematological conditions (4.0 vs. 2.3), diseases of circulatory system (2.1 vs. 1.6) and diseases of respiratory system (2.5 vs. 1.5), although none of the differences was statistically significant.
Discussion
In this population-based long-term follow-up study of 1,768 five-year survivors of Hodgkin lymphoma diagnosed in adolescence or young adulthood in Denmark, survivors received new diagnoses requiring hospitalisation significantly more often than the general population, and survivors spent more days in hospital. The increased burden of disease affected both men and women and was lifelong and particularly heavy for patients readmitted to hospital for Hodgkin lymphoma and who are likely to have had a relapse. Thus, for example, among patients aged 50-59 years diagnosed in 1977-2004 and readmitted to hospital for an assumed relapse 15 in 100 experienced a new disease requiring inpatient care each year. The equivalent estimate in the primary treatment only subcohort was 5 in 100. All main diagnostic groups were affected but diseases of the circulatory system, all infections combined, and malignant neoplasms explained together between 61% and 78% of the excess new diagnoses depending on the subcohort of survivors.
To our knowledge, the present study is the first to describe the long-term risks of hospitalisation for the full spectrum of physical diseases in survivors of Hodgkin lymphoma diagnosed in adolescence or young adulthood in a large population. One other study has done so 18 but, as it was based on only 281 individuals, it was unable to provide risk estimates with any precision. Several studies of causespecific mortality in survivors of Hodgkin lymphoma diagnosed in childhood or early adult life have been carried out, [19] [20] [21] and the risk of hospitalisation among survivors of all types of cancer diagnosed in adolescence and young adulthood has been studied in other populations. [22] [23] [24] [25] Other studies specifically of survivors of Hodgkin lymphoma diagnosed in young adulthood have usually reported on specific risks of second cancers 11, [26] [27] [28] [29] [30] [31] [32] [33] or cardiovascular diseases. 12, [34] [35] [36] The results of our study are in agreement with their findings. In particular, we found substantial proportional increases in the incidence of aortic valve disease and of female breast cancer. Our study is, however, the first large study that has been able to quantify the burden of different diseases and compare them. We have shown that, while cardiovascular disease is responsible for by far the largest number of new diagnoses, by far the largest number of days spent in hospital are attributable to cancer. Our study has also, for the first time, revealed the importance of infections as a late effect of Hodgkin lymphoma, both in terms of numbers of new diagnoses and in terms of time spent in hospital (Figs. 2  and 3) . Several other studies have reported increases in incidence or mortality from infections either in survivors of Hodgkin lymphoma, 9, 18 or in broader groups of cancers diagnosed in teenagers and young adults 22, 24, 25 but none of these studies has revealed the extent of the disease burden from infections, as they have all considered only infections classified in Chapter II of the ICD, rather than bringing together all infections irrespective of where they appear in the ICD.
We included patients treated over a time period of 60 years during which time the treatment for Hodgkin lymphoma has evolved dramatically. The treatments used in Denmark during this time period are similar to those used in other developed countries. In the period 1943-1964 radiotherapy was the mainstay of treatment for Hodgkin lymphoma; initially given as palliative treatment, although later as intended curative treatment in the form of total or subtotal nodal radiotherapy. 37 In the period 1965-1980 radiotherapy was still the primary treatment but now with adjuvant chemotherapy. Around 1980 chemotherapy became the primary treatment, with radiotherapy as consolidating treatment. From approximately 1970, the mustargen-oncovin-procarbazine-prednisone (MOPP) regime was used; however, a gradual shift to an adriamycin-bleomycin-vinblastine-dacarbazine (ABVD) regime took place around 1985. Without systemic treatment, the risk of relapse and the need for further treatment was much higher than in the more recent period, when combination treatment with chemotherapy became the standard. Thus the subsequent morbidity of many patients previously treated for Hodgkin lymphoma with radiotherapy alone was heavily influenced by intensive chemotherapy and perhaps further radiotherapy given for relapse. As this study lacks individual and detailed treatment data, we cannot draw any conclusions regarding the specific links between types of treatment and risks of physical disease. However, for the subcohort of survivors diagnosed during 1977-2004, we saw a tendency for higher risks among those registered in the Danish Cancer Registry as treated with radiotherapy compared to those registered without.
The prospective nature of this study, with virtually complete registration of cases of Hodgkin lymphoma in adolescence and young adulthood prior to, and independently of, the recording of subsequent hospital admissions, eliminates the possibility of selection bias and differential reporting. However, our study also has some important limitations. Conditions such as less severe late effects that are treated exclusively in outpatient clinics or in the primary healthcare system, will not have been included, implying that the total burden of physical disease experienced by Hodgkin lymphoma survivors may be somewhat underestimated. On the other hand, the diseases included in our study represent the most severe segment of late effects, which are also the most important ones to consider when planning programmes for surveillance and intervention. We cannot exclude the possibility that surveillance bias affects our study, since the health professional's knowledge about their patient being a survivor of Hodgkin lymphoma might influence their decisions on whether to hospitalise. This might have led to an unknown degree of overestimation of the reported risk estimates.
We applied a large set of statistical tests on the material, which implies that on average one out of 20 findings may be false positive. However, our survey should not be regarded as a study testing a specific hypothesis but rather a study describing a wide range of potential late effects in five-year survivors of Hodgkin lymphoma.
Follow-up programmes have also changed dramatically over the period. Since 2000, survivors of Hodgkin lymphoma in Denmark are followed approximately every fourth month during the first two years after the end of treatment and thereafter approximately twice a year until five years after the end of treatment. Before 2000, the norm was follow-up visits twice a year 10 years after the end of treatment; at these visits scans were performed to detect any abnormalities; nowadays scans are primarily performed when the survivor reports symptoms which could indicate abnormalities or give suspicions about relapse.
Survivors of Hodgkin lymphoma diagnosed in adolescence or young adulthood are at increased risk for a wide range of physical diseases severe enough to require hospitalisation. This study is the first to quantify the burden of the full spectrum of physical diseases suffered by this population. However, research is needed to confirm the assumption that screening, surveillance and intervention among Hodgkin lymphoma survivors can be effective in detecting and modifying the course of diseases that occur as a result of their previous diagnosis and treatment. If the efficacy of such programs can be demonstrated and they can be implemented in a costeffective manner, then the considerable burden of disease quantified in this study could be reduced and the potential to improve both the quality and length of life for Hodgkin lymphoma survivors would be substantial.
